inflammation.>'4 NO synthase (NOS) is the enzyme responsible for the generation of nitric oxide from L-arginine. The highly reactive and unstable nitric oxide rapidly decomposes to nitrogen oxides such as nitrite and nitrate.'5 Nitric oxide synthase present in various cells from different (embryological) origin exists in two different forms'6 -the constitutive, calcium dependent enzyme (cNOS) which releases nitric oxide after stimulation and the inducible, calcium independent enzyme (iNOS) which is found after induction with cytokines.'5-17
aqueous nasal spray was determined. Methods -Production of nitric oxide (measured as nitrite+ nitrate) in vivo in nasal mucosa was examined in 24 patients with rhinitis allergic to the house dust mite. In a double blind placebo controlled crossover study fluticasone propionate 200 ,tg aqueous nasal spray was administered twice daily for two weeks. In response to provocation with house dust mite extract (after four basal nasal lavages) nasal lavages were performed every hour for 9-5 hours by washing the nose with saline. In addition, a similar lavage protocol was performed in healthy volunteers with or without challenge with phosphate buffered saline. Results -Nitric oxide is present in nasal lavage fluid in detectable amounts (range 10-50 M), the level gradually increasing with time in both patients and controls after a decrease during the four basal lavages. Treatment with fluticasone propionate aqueous nasal spray did not affect initial basal production of nitric oxide nor production following provocation with house dust mite extract. Conclusions -Production of nitric oxide in nasal mucosa determined in sequential nasal washings is not affected by therapeutic doses of intranasal steroids. House dust mites are the major cause of perennial rhinitis. The pathophysiology of allergic rhinitis, however, has been studied mainly in pollen allergy.'`3 To study the role of inflammatory mediators in ragweed pollinosis Naclerio et al developed a control model.4 After provocation with antigen mediators such as prostaglandin D2 (PGD2), leukotriene E4 (LTE4), tryptase, and histamine are released in the early phase of the allergic process, causing sneezing and rhinorrhoea. After a quiescent period a late phase occurs and symptoms recur when mediators are again released.Y7
It has recently been claimed that nitric oxide (NO) is an important mediator in bronchial inflammation.>'4 NO synthase (NOS) is the enzyme responsible for the generation of nitric oxide from L-arginine. The highly reactive and unstable nitric oxide rapidly decomposes to nitrogen oxides such as nitrite and nitrate. '5 Nitric oxide synthase present in various cells from different (embryological) origin exists in two different forms'6 -the constitutive, calcium dependent enzyme (cNOS) which releases nitric oxide after stimulation and the inducible, calcium independent enzyme (iNOS) which is found after induction with cytokines. '5-17 The function of nitric oxide in the bronchoalveolar compartment may be either bronchodilatory (nitric oxide gas retains bronchodilating properties) or regulatory. Little is known ofthe regulatory function ofnitric oxide.
In patients challenged with pollen antigens topical nasal steroids such as flunisolide reduce symptoms and mediator release in both the early and late phases of the allergic process.618 The corticosteroid fluticasone propionate has potent topical anti-inflammatory activity coupled with low systemic activity.'920 Our study design is based on the nasal challenge model developed by Naclerio et al4 which enabled us to explore the role of nitric oxide in the early and late phase ofthe allergic process in patients with allergic rhinitis against house dust mites. The effect offluticasone propionate aqueous nasal spray on the levels of nitrite + nitrate after nasal challenge with house dust mite extract was investigated and the effect of challenge with phosphate buffered saline on normal levels of nitrite+ nitrate in healthy volunteers was determined.
Methods

HOUSE DUST MITE EXPERIMENT
Patients
The study was performed in 24 patients (13 men) of mean age 34 (range 21-50) years with a history of perennial rhinitis and skin reaction to house dust mite extract. All patients showed a skin reaction rated as at least one plus sign to 0-3 or 3 biological units (BU)/ml extract according to the standardised plus sign scoring system defined by Norman.2' Six of the 24 patients were also allergic to grass pollen or animal epithelia. The nasal lavage experiments were performed between January and August to minimise exposure to house dust mites. The patients with a concomitant pollen allergy were tested outside the pollen season. None of the patients allergic to animals had pets in their home. Antihistamine drugs were withdrawn 72 hours before testing. The antihistamine astemizole, systemic corticosteroids, and topical corticosteroids were not used later than three weeks, two months, and three weeks respectively before the tests were performed. Patients who developed a nasal infection during the two weeks before the study were excluded. None had received immunotherapy.
The study was approved by the medical ethical committee of the University Hospital Rotterdam-Dijkzigt and all patients gave written informed consent.
Nasal challenge and lavage After the positive skin test the subjects entered the double blind, placebo controlled, crossover phase of the study. Each underwent two allergen challenges performed after pretreatment with fluticasone propionate aqueous nasal spray (Glaxo, UK), 200 pg twice daily for two weeks, or a placebo spray. A three week washout period separated the two challenges.
Before nasal challenge with house dust mite extract a nasal lavage was performed four times to obtain baseline mediator levels (bl-b4) by the method described by Naclerio et al.4 Both nostrils were washed with 5 ml saline prewarmed to 37°C. Lavage fluid was collected in plastic tubes and kept on ice. After centrifugation (10 min, 400 g) supematants of lavage fluids were stored at -20°C until assay ofnitric oxide. To prevent nasal congestion 0 25 ml oxymetazoline (0 1 %) was sprayed into each nostril five minutes before the first challenge. To obtain a control challenge 0* 125 ml phosphate buffered saline (PBS) was sprayed into each nostril and a nasal lavage was performed. For allergen challenge 0-125 ml allergen extract was sprayed into each nostril and a nasal lavage was performed after 10 minutes. Allergen doses of 100, 1000, 10 000 (hl-h3) biological units (BU)/ml (ALK, Groningen, The Netherlands) were administered. From 30 minutes up to 9-5 hours after the last challenge (time point h3) the nasal washings were performed every hour bywashing both nostrils with saline (s 1 -s10).
Symptom score Symptoms were scored to study the correlation between clinical symptoms and production of nitric oxide as described by Lebel et significantly after the four basal washings. Nasal provocation with house dust mite extract caused no immediate release of nitric oxide but levels increased during the hours thereafter. No effect of fluticasone propionate on production ofnitric oxide was observed in comparison with the placebo group, nor was there any effect on the nitric oxide content in the first lavage sample (bi).
CONTROL EXPERIMENTS
The levels of nitric oxide in nasal washings from healthy volunteers, with and without nasal J challenge with PBS ( figure, part B) were sig-310 nificantly decreased after the four basal washings. Nasal challenge with PBS caused no immediate release of nitric oxide but levels increased during the subsequent hours in conhe trols both with and without PBS challenge. In contrast to the above findings, we did not observe any effect of topically applied fluticasone propionate on production of nitric oxide in a crossover study in patients allergic to house dust mites. Both in patients and in controls nasal levels of nitric oxide gradually increased with time after a decrease during the four basal lavages.
Systemically applied glucorticoids may act by preventing activation of monocytes and the subsequent production of nitric oxide.
In conclusion, synthesis of nitric oxide can be monitored in nasal lavage fluid. Although intranasally applied fluticasone propionate aqueous nasal spray successfully reduced the allergen induced symptoms, the production of nitric oxide after challenge with house dust mite extract was not affected. 
